Abstract. The sequence in which a variety of enzymes and metabolites are affected by gibberellic acid after application of the hormone to aleurone layers of half seeds of barley (Hordeum vulgare var. Betzes) and half seeds of wheat (Triticum aestivum var. Gensee) was investigated. With barley aleurone layers the first hormonal effect observed was the increased secretion of soluble carbohydrate, some of which appears to be a glucan containing some 1-1,3 linkages. This was followed by increased oxygen consumption and increased secretion of ATPase, GTPase, phytase, phosphomonoesterase, phosphodiesterase, inorganic phosphate, carbohydrates other than amylase, peroxidase and amylase. Similar sequential effects were seen in wheat half seeds. Increased activity of alcohol dehydrogenase in barley seeds was elicited by the hormone but there was no effect on glucose.6-phosphate isomerase.
It has been realized for some time that the activities of several enzymes increase after treatment of cereal grains with gibberellic acid (GA). It has been impossible, however, to even approach the formulation of a unified concept relating to the mode of action of the hormone because of a lack of knowledge of the identity of the enzymes affected, and perhaps equally important, of those not affected. Furthermore, neither the sequence of metabolic events accompanying the hormonal effects and their interrelationships nor the universality of the hormonal effects have been explored. Such knowledge is desirable and probably necessary in attempts to relate the phenomena to the operation of the entire cellular apparatus.
The studies reported here were initiated in order to explore A) the identity of some of the enzymes affected by GA as well as some that do not respond, B) the sequence in which they are affected, C) the uniformity of the responses as evidenced by a similarity of the responses in barley and wheat, D) the identity of other metabolic effects preceding or accompanying the effects of the secretion of enzymes. In a recent note from this laboratory (8) it was reported that the sequential increased secretion of soluble carbohydrate, ATPase, GTPase, and phvtase are the earliest events we were able to detect in a complex of responses noted after application of GA to barley aleurone layers. The relationship of the effects to oxidative metabolism and RNA synthesis was also given. The present paper documents more fully the sequence by giving the identification and position of other enzymes and metabolites in the sequence noted witl barley. Also, the effects of GA on the respiration and secretion of enzymes from wheat are given.
Materials and Methods
Barley seeds (Hordetuml ulydgare var. Betzes) were dehusked by treatment with 50% sulfuric acid as suggested by Coombe et al. (3) . The acid treatmenit was followed by extensive treatmiienlt with distilled water. Seeds were then allowed to imbibe distilled water at 30 for the periods indicated. \Vheat seeds (Triticiumt aestiz'umn var. Genesee) were germinated on moist paper towels at room temperature. Immediatelv prior to use all seeds were surface sterilized with cold I % sodium hypochlorite solution for 15 min and then washed with copious quantities of cold distilled water. The embrvo ends from seeds selected for uniform size were remove(l wvith a razor blade and discarded. Aleurone layers were prepared as described previously (8) .
Oxygen consumption was measured by conventional \Varburg manometry at 25°; the flasks contained 3.0 ml of solution. All experimental solutions for incubations contained 250 ,g streptomycin sulfate/ml and in some instainces 20 lag l)enicillin G/ml were used additionally.
The respective para-nitrophenyl derivatives were used as substrates for measuring the activities of phosphomonoesterase, sulfatase and carbohvdrases other than amylase. Bis para-nitrophenyl phosphate and the acetate derivatives were substrates for phosphodiesterase and esterase activities, respectively. Aliquots of the incubation media were taken at intervals, centrifuged briefly and incubated with 0.11 mg of the para-nitrophenyl derivatives in 0.1 ml of water and 1.0 ml of 0.05 Mi citrate buffer, pH 5.4 for one-half to 2 and one-half hr. The reaictions were stopped by the addition of either 0.5 ml of 0.1 Mu tris buffer pH 8.5 (for esterase and sulfatase activi-ties) or 0.5 ml of 1 % NaOH and read in 1.5 ml cuvettes in a Beckman D U. spectrophotometer at 400 mi ol in a Klett colorimeter with a No. 42 filter after samples were diluted to 6.0 ml with water. ATPase anld phytase were determined as previously described (8) . Amylase activity was determined as given by Momotani and Kato (7) , whereas peroxidase activity w,vas determined as outlined by Luck Alcohol dehvldrogenase was measured as described bv Racker (9) of action of GA, preliminary experiments were conducted to determine the nature of the sugar.
A sizeable portion of the soluble carbohydrate conisists of a polysaccharide. The material is precipitated in cold 80 % (v/v) ethanol; it was purified by repeated suspension in cold 50 % (v/v) ethanol. It was not hydrolyzed by dilute acid, however, upon hydrolysis at 1000 in 2.5 N HCl 85 % of the polysaccharide was liberated as glucose. as determined with glucose oxidase. Shorter periods of hydrolvsis resulted in lesser amounts of glucose being liberated and longer periods resulted in the destruction of glucose. So the actual glucose content is probably greater than 85 %. The product of reaction of the material with carbazole gave an absorption spectrum identical to that given bv glucose and was distinctlv different from the ones given by mannose and galac- On the Genesis of the Enlzymes Secreted. In the previous communication, evidence was given that some of the enzymes that are secreted are preformned, whereas others are activated or synthesized (8') . Hence the effects of GA appear to be solely on secretion in some instances and on secretion atnd synthesis of enzymes in others. More extensive evidence of this is given in table VIII. The data in the table demonstrate that in GA treated aleurone layers supplied with labeled leucine there was increased secretion of ATPase activity as early as the third hr and bv the sixth hr the activity 'lad increased more than 11 fold over the control. Secretion of labeled proteins began at about the fourth hr but the radioactivity in these was not significantly different in treated tissues until the sixth lhr. Tlhus the ATPase secreted earlier than the sixtlh lhr was probably preformed and unlabeled. Note also that the secretion of ATPase reached a plateau around the eighth hr, which suggests that the source of the enzyme became depleted. Since the appearance of radioactive protein in the medium precedes that of amylase, it is possible that this enzyme is labeled, hence is synthesized, de oiiooV. a fact that appears to be well established (12) .
In at room temperature there was absolutely no effect on a-galactosidase activity over a 17-hr period. This lack of effect was noted also for /8-gala ctosidase and both glucosidases (data not shown). It should be pointed out that the absence of GA3 effect did not derive from the inability of the seed to secrete the enzymes. There were large increases in activities of the enzymes in the medium of control and treated tissue. A small but definite effect was seen on phosphomonoesterase beginning at the fourth hr, but there was no suggestion of an effect on phosphodiesterase until the ninth hr. Unlike barley where increases in amylase and peroxidase were noted at about the same time, the latter enzyme was affected by the seventh hr, whereas increased amylase activity appeared between the ninth and seventeenth hr.
In contrast, when dry, embryoless wheat half seeds were allowed to imbibe water at 30 for 24 hr and then treated with the hormone definite increased sequential secretion of the phosphatases and carbohy-(Irases was noted. For example, in the case of phosphomonoesterase the ratio of control to tested activity was 1.25, 1.33, 1.61, and 2.12 at 14, 17, 21, and 24 hr. respectively. (Parenthetically, in this experiment the secretion of peroxidase was completely dependent oIn the presence of the hormone and the enzyme could not be detected in the treated medium until after 20 hr of incubation). One interpretation of the differenices in responses due to different treatment of wheat seeds is that the seeds allowed to germinate at room temperature produced enough endogenous hormlone to affect certain enzymes, such as the phosphatases, but not enough to affect others, such as amylase and peroxidase. Presumably, when half seed, are allowed to imbibe water at the cold temperature no hormone is produced.
Wheat half seeds pretreated at 30 as above also slhowed increased oxygen consumption after treatment with GA beginning around the thirteenth hr. In an experiment the cumulative oxygen consumption of 10 half seeds from the thirteenth through the sixteenth hr was 115 ml for control of 150 for treated. 
